CTP-AP

nternational Centre
g/ for Theoretical Physics Asia-Pacific

FREZIR YR AR /O-T0 At X

f(g 4,*/?4%&/? unesco

University of Chinese Academy of Sciences u eeeeeeeeeeeeeee

Detecting Electroweak Phase Transition and Implications

Huaike Guo

June 17, 2025

Shuo Guan, HG, Dian Jiao, Qingyuan Liang, Lei Wu, Yang Zhang (to appear)



Symmetry
Restoration

Temperature drops

—> Electroweak Baryogenesis

—

1st order from BSM

i

® Modified Higgs potential (Higgs physics, GW)
@® Extra CP-violation (EDM; LHC)

® New particles, symmetries (LHC, GW)

Morrissey, Ramsey-Musolf, NJP[1206.2942]
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bubble collision
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sound waves
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Detection of early-universe gravitational-wave
signatures and fundamental physics
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Standard Model of Elementary Particles

three generations of matter
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® Set limits when signal is absent

® Parameter estimation when signal is discovered

» What is the precise shape of the signal spectrum?
» What are the values of alpha, beta, vw, T, etc?

» What is the underlying particle physics model?

** What are the values of the model parameters?
%+ Can we infer properties of Higgs?
“* What does this imply for collider experiments?



Stochastic GW detection in space:
® With a single detector (this work)

® With a detector network (standard cross correlation method, LIGO)

Ruan, Liu, Guo, Wu, Cai, Nature Astron [2002.03603]

Studies on PT detection in space:

Gowling, Hindmarsh, Hooper, Torrado, JCAP [2209.13551] o ~13

Gowling, Hindmarsh, JCAP [2106.05984] Cosmo SGB detectable down to (1077)
EOE, BUEl, AT E PR IR T Boileau et al, MNRAS [2105.04283]

Lewicki, et al, PRD [2403.03769]
Caprini, et al, JCAP [2403.03723]
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e Simulated Data
—— Theoretical PSD
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The core of the statistical analysis: likelihood
A channel

both signal and noise behave as random variables
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Ny = 126 : number of segments
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astrophysical background
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T"=1.26 x 107 s : observation time cosmological background (PT, etc)

' fs = 1 Hz : sampling frequency




H Fisher Forecast
E MCMC Results
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» Simulation based study conducted for detection of GW from EWPT
» Bayesian parameter estimation performed with MCMC sampling

» Higgs self-couplings measurement done, though under idealized conditions






